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The natural world today contains a vast array of man-made chemicals, 
many of them with biological potency in quantities scarcely measurable 
two decades ago. Wild animals encounter these chemicals in multifold 
combination, but man's knowledge of their ~ffectR on wild s~ecies 
progresses haltingly. While research focused on DDT, dieldrin, and 
related chemicals that were obvious suspects for cause of environmental 
problems, other compounds, some unidentified, spread and increased. 
Polychlorinated biphenyls (PCB's) constitute one such group. PCB's 
are products of modern industrial chemistry that have escaped to the 
environment by routes still largely unknown. They have become ubiquitous 
in the world ecosystem in quantities similar to those of DDE. Their 
presence has caused concern and stimulated research to evaluate their 
role in the biosphere. 
CHEMISTRY 
PCB's are named for their chemical structure, which consists of 
phenyl groups with chlorine substitution. They are not obtainable as 
single compounds, but as mixtures of compounds of the same basic structure 
with different numbers of chlorine atoms in different positions. In 
theory at least, 189 different arrangements are possible for molecules 
containing from one to eight chlorine atoms (Jensen, 1970). In practice, 
however, Jensen found that there usually were four to eight chlorines per 
molecule; even for this number there still would be 102 different pos-
sibilities. 
The basic structure of the PCB molecule is shown in Figpre 1 for 
comparison with other familiar chemicals that also are composed of 
benzene rings with chlorines attached. Some of these chemicals, such 
as DDE, are stable and long-lastin~; o~hers such as methoxychlor are 
rapidly broken down and only rarely are found in the tissues of warm-
blooded animals. Environmental hazard, therefore, should not 
be judged on the basis of benzene rings and chlorine atoms alon)f. The 
molecular structure of a compound is related to its biological activity, 
but the relationships are intricate, not obvious (Bitman and Cecil, 1970). 
PCB's, which are composed of many different compounds, produce 
many different peaks on the gas chromatograph; since some of these 
coincide with the peaks produced by organochlorine pesticides, they 
complicate analysis. Certain PCB peaks come very close to the peaks 
for DDT and DDD and are particularly troublesome. The PCB peaks did 
not go unnoticed in the past, but since they could not be identified, 
they were rarely reported (Simmons and Tatton, 1967). The troublesome 
"unknowns" were identified as PCB's by S'o'ren Jensen in 1966. 
We had an early experience at Patuxent that alerted us to the 
problems that could be caused by these "unknowns." At a time when our 
first gas chromatograph was new and somewhat suspect, it produced a 
reading for 8 ppm of DDT in a sample of herring gull liver in which no 
DDT was detected by thin-layer chromatography The chemists resolved 
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the problem by treating the sample with potassium hydroxide, and then 
re-analyzing it. Potassium hydroxide treatment changes DDT to DOE and 
a re-analysis_would show no DDT and a greater amount of DOE. This did 
not happen in the sample in question. The peak in the location for DDT 
did not change, showing that it was not DDT. 
~e solved the problem of PCB interference in pesticide analysis by 
developing a method in which chemicals are separated into four zones 
on a thin-layer plate and each zone is analyzed on two different columns 
by gas-liquid chromatography (Reichel ~ al., 1969). Other laboratories 
have developed methods to prevent interference of PCB's with analysis 
for organochlorine pesticides (Simmons and Tatton, 1967; Holden and 
Marsden, 1969; Reynolds, 1969; Armour and Burke, 1970). 
Even when PCB's have been separated from other chemicals, it still 
is difficult to measure the amounts, because of the many different 
compounds that are involved. Several methods have been used to make 
approximate estimates by gas chromatography (Risebrough et al., 1969), 
and our laboratory has recently developed a thin-layer chromatographic 
procedure (Mulhern, 1971). 
Positive identification of PCB's was made possible by the mass 
spectrograph, an instrument that fragments molecules into their component 
parts and provides the information necessary to derive actual chemical 
formulas. Jensen used this instrument to make the first identifications 
of PCB's in tissues of wild animals in Sweden (1966, 1970). Keoman ~ ale 
(1969) confirmed the presence of PCB's in Netherlands wildlife by the 
same method, and in the United States Bagley et al. (1970) at our 
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laboratory used the mass spectrograph to identify 19 different PCB 
compounds in the tissues of bald eagles (Haliaeetus leucocephalus). 
Biros et al. 1970) examined human tissues and found PCB's there also. 
USE AND SOURCE 
Polychlorinated biphenyls were introduced in 1929 for use in 
electrical transformers and condensers, where their flame resistant 
qualities were highly valued. These are their primary uses today. 
They have found many other uses, and from some or many of these, they 
have escaped to the world environment to become ubiquitous components 
of wild animal tissues. They are used in marine anti-fouling paints, 
in cardboard cartons (Bailey ~ al., 1970), in insecticide formulations 
(as inert ingredients or carriers), and even as dust-allayers in some 
detergents. PCB's are marketed as mixtures that contain different 
percentages of chlorine and that have different characteristics. For 
example, Aroclor 1242 contains 42 percent chlorine and is a light 
fluid, whereas Aroclor 1260 contains 60 percent chlorine and is a vis-
COllS resin. Production figures are secret and the proportional uses 
in different products are largely unknown. Overall production in the 
United States probably is on the order of hundreds of millions of 
pounds annually. 
We do not fully understand how the PCB's permeated the environment, 
although they have been traced to the source in certain areas. In the 
United States, Duke et al. (1970) traced PCB's in fish and shellfish up 
the Escambia River to their source in a factory leakage. In the Netherlands, 
5 
Koeman ~ al. (1969) found that discharge from the River Rhine was the 
source of most of PCB's present in the fish and seabirds on the Atlantic 
coast of the Netherlands and in the Waclden Sea. Holden (1970) sampled 
marine fish and molluscs from many Scottish waters, and when he found that 
the highest residues of PCB's were in animals from the Firth of Clyde, 
he began a search for the source. He found the answer in sludge from 
sewage treatment plants which was being carried out and dumped in the 
deep water of the estuary. He estimated that PCB's from this source 
entered the Clyde estuary at the rate of 1 ton per year. Similar 
amounts were dumped into the North Sea from the sewage plants of 
Manchester and into the Thames from the sewage plants of London. 
Hundreds of factories are linked to the sewers, and it was not possible 
to trace the PCB's to specific units. 
OCCURRENCE 
Knowledge of PCB's in the environment is continuously increased 
as new samples are analyzed from new areas. Jensen's report of PCB's 
in Swedish wildlife was followed in close succession by reports from 
Great Britain (Holmes et al., 1967; Prestt ~ a1., 1970), Scotland 
(Holden and Marsden, 1967), the Netherlands (Koeman ~ al., 1969), and 
the United States (Risebrough et al., 1968b; Anderson et ~., 1969; 
Reichel et al., 1969; Bagley ~ al., 1970; Mulhern et al., 1970), 
and more extensive reports from Sweden (Jensen et a1., 1969). In 
Sweden, Jensen ~ al. (1969) found the highest residues of PCB's in 
animals of the Baltic Sea and near the Archipelago of Stockhoim; 
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residues were much lower in animals in the Gulf of Bothnia, remote 
from industrial areas. In California, Risebrough !! al. (1968) 
found that residues of PCB's were considerably higher in animals 
of San Francisco Bay and San Diego Bay than in those from the 
Farallon Islands, 27 miles west of the Gold~n Gate. Holden and 
Marsden (1967) found that seals taken from the east coast of Scotland, 
where estuarine pollution is greater, contained higher residues of 
PCB's than those from the west coast. 
PCB's also have been found in rainwater (Tarrant and Tatton, 
1968) and in the air (Jensen, 1966; Risebrough et al., 1968a), and 
--
in 1969, a black snow containing PCB's fell on a 10,000 km2 area in 
southwestern Sweden (Smithsonian, 1970). 
Measurements made at Patuxent of residuesll of PCB's in the 
eggs of wild birds collected in the late 1960's have shown some 
interesting contrasts: 
In 12 Alaskan bald eagle eggs, median PCB residues 
were 1.65 ppm, considerably lower than the median of 9.7 ppm 
for 11 eggs from Maine, Michigan, Minnesota. and Florida. 
Connecticut ospreys (Pandion haliaetus) laid eggs 
containing a median concentration of PCB's of 15.9 ppm and 
a maximum of 29.9 ppm,with none lower than 6.9 ppm. In 
contrast, eggs of Maryland ospreys contained a median con-
centration of 2.5 ppm and a maximum of 4.4 ppm. 
II All residues listed in this paper are on a wet weight basis. 
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Median conentrations of PCB's were 5,5 ppm in eggs of 
brown pelicans (Pelecanus occidental is carolinensis) from 
South Carolina and 5.0 ppm in eggs of ~oyal terns ~halasseus 
maximus) nesting in the same area, Median concentrations in 
eggs of Florida pelicans (f. £. caroli~ensis) were 1.4 ppm, 
and in eggs of California pelicans (P. o. californicus) 
were 5.0 ppm. 
In Great Britain, Prestt et al. (1970) found that PCB residues 
in eggs of 46 species of wild birds generally were below 5 ppm, 
but there were notable exceptions. For example, PCB residues in 
heron (Ardea cinerea) eggs averaged 5 ppm, and 10 of 101 eggs 
contained more than 10 ppm, including one with 40 and one with 
80 ppm. The egg of a great crested grebe (~~ cristatus) 
contained 40 ppm and an egg of a great skua (Stercorarius ~) 
contained 25 ppm. 
Anderson at al. (1969) reported 8 ppm of PCB's in cormorant 
-- -- -
(Phalacrocorax auritus) eggs and 0.6 ppm in eggs of the white 
pelican <Pelecanus erythrorhynchos). Jensen ~ al. (1969) found 
guillemot (~aalge) eggs to contain an average of 16 ppm (7.9 to 
21 ppm) of PCB's. 
It would appear from these records that residues of PCB's of 
10 ppm or above in eggs are high by today's standards and that 
in areas where such residues occu~ birds of varied kinds and food 
habits should be studied to determine whether population problems 
are occurring. 
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FOOD CHAINS 
PCB's build up in biological food chains. In two simple food 
chains, fish to eagles (Haliaeetus a1bicilla) and fish and mussels 
(Myti1us edu1is) to seals (Phoca vitu1ina and Pusa hispida), 
concentrations increased hundreds to thousands of times from prey 
to predator (Jensen ~ a1., 1969). PCB's in the fish 
were measured in hundredths to tenths of ppm; in fresh mussels 
they measured hundredths of ppm; in seal blubber they measured 
5-21 ppm; and in the muscle of the white-tailed eagle they measured 
150-240 ppm. 
PCB residues in terrestrial species of birds throughout Britain 
were closely related to their food habits (Prestt ~ a1., 1970). 
The highest concentrations were in birds that feed on birds or 
mammals, next in those that have a mixed diet, and lowest in those 
that feed on insects (Prestt et a1., 1970). Highest residues were 
in the fish-eating herons from the southeast of England. 
In many species of California birds, PCB's measured hundredths 
to tenths of ppm; peregrines Q'a1co pe:regri!!.u~) contained greater 
amounts, one as high as 98 ppm in muscle (Risebrough et a1., 1968), 
while fish in the same area contained only thousandths of ppm. 
Residues of PCB's in the industria.lly polluted Escambia Bay 
increased in the expected order. Water contained a maximum of 
275 ppb, and sediment a maximum of 486 ppm. Oysters (Crassostrea 
virginica) contained 2-3 pPPffi, shrimp (Penaeus duorarum) 1.5-2.5 ppm, 
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blue crabs (Callinectes sapidus) 1-7 ppm, and pinfish (Lagodon 
rhomboides) 6-12 ppm (Duke ~ al., 1970). 
TOXICITY 
Outright mortality of wild animals can affect populations, 
particularly those of long-lived species. Measurements of direct 
toxicity are therefore important first steps in evaluation of a 
chemical. Other laboratory studies also are needed for proper 
interpretation of field observations. These include studies to 
diagnose cause of death by behavior of poisoned animals, tissue 
changes, and concentrations of chemical in critical tissues. 
Birds 
The toxicities of different PCB's to pheasants (Phasianus 
colchicus), mallards ~n~~ elatyrhynch?s), bobwhite quail (Colinus 
virginianus), and coturnix quail (Coturnix coturnix) were tested at 
Patuxent and compared with the toxicities of DDT, dieldrin, and other 
insecticides (Heath ~~., 1970). Tests of six PCB mixtures, contain-
ing 32 to 62 percent chlorine, showed that the toxicity increased with 
the percentage of chlorine. In general, toxicities were similar to 
those of DDE. There were some differences in sensitivity of the 
species. Bobwhites were most sensitive, followed in turn by pheasants, 
mallards, and coturnix quail. Bobwhite were 3-4 times as sensitive 
as coturnix. Special tests with coturnix quail showed that the toxic 
effects of DDE and Aroclor 1254 were additive but not synergistic. 
In other studies at Patuxent, comparisons were made of the toxicity 
of PCB's (Aroclor 1254) and DDE to four species of blackbirds: 
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grackles Q{uisca1us quiscu1a), cowbirds (Mo1othrus ~), starlings 
(Sturnus vu1garis),and redwings (Agelaius phoeniceus) (W. H. Stickel, 
unpublished data). The two compounds had very similar toxicities as 
measured by the time to 50 percent mortality. Redwings were somewhat 
more susceptible to DDE than to PCB's. Signs of poisoning included 
sluggishness first with slight tremors then continuous tremors of 
moderate amplitude, much as with chemicals of the DDT group. Internally, 
livers frequently had hemorrhagic streaks or spots and the gastro-
intestinal tract commonly contained blackish fluid, but these signs 
were not sufficiently consistent for distinctive diagnosis. 
Prestt et a1. (1970) estimated that PCB's (Aroclor 1254) were 
approximately 1/13 as toxic as DDT to Bengalese finches (Lonchura 
striata). Tremoring and other signs were similar to those we observed 
among blackbirds; the finches had enlarged kidneys and some had 
hydropericardium. 
In tracing the cause of mortality of chicks kept in batteries 
recently painted with an epoxy-resin paint, McCune et al. (1962) 
ideqtified 
in feeding 
kidneys. 
the toxic ingredient as Aroc1or 1242. Chickens that died 
d 
studies showed hyropericardium and enlarged livers and 
A 
Egg injection studies showed that Aroc1or 1242 had a relatively 
high toxicity (McLaughlin ~ a1., 1963). 
Polychlorinated biphenyls supplied by three different manufacturers 
gave strikingly different results in toxicity tests with domestic 
chickens although all formulations contained 60 percent chlorine 
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(Vos and Koeman, 1970). The PCB's tested were: Phenoclor DP6, 
manufactured in France; Clophen A60, manufactured in Germany; and 
Aroclor 1260, manufactured in the United States. At a dietary dosage 
of 400 ppm for 60 days, all 24 birds fed Phenoclor died; all had liver 
necrosis and 18 had hydropericardium. Results with Clophen were 
similar: 22 of 24 died, all with liver necrosis and 20 with hydro-
pericardium. Results with Aroclor differed in that only 3 of 24 died, 
none had liver necrosis, and only 3 had hydropericardium. Atrophy of 
the spleen was common to all groups and the presence of excess 
quantities of porphyrins was found as a general PCB effect. These 
differences were later largely explained by the identification of 
chlorinated dibenzofuran and chlorinated naphthalene as contaminants 
in Phenoclor and Clophen (Vos ~ !l., 1970). Contamination of con-
taminants thereby increases the complexity of the problems of environ-
mental pollution. 
Insects 
The toxicity of PCB's to insects also is related to the chlorine 
content, but in the reverse order to the result with birds. PCB's 
with lower amounts of chlorine were more toxic to flies than PCB's 
with higher chlorine content (Lichtenstein ££ al., 1969), and the 
toxicity of mixtures with more than 48 percent chlorine was very low. 
Toxicity of dieldrin and DDT was enhanced beyond an additive effect 
by the addition of the lower chlorinated PCB's. 
A latent toxicity at molt time was shown to be produced by 
topical applications of Aroclor 1254 to a grasshopper (Clorthippus 
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brunneus) (Moriarty, 1969). 
Fish and Aquatic Invertebrates 
Shrimp (Duke ~ a1., 1970) are sensitive to low concentrations of 
PCB's. A 48-hour exposure to flowing seawater containing 100 ppb of 
Aroc1or 1254 killed all individuals; 80 percent died in 24 hours. 
These shrimp accumulated 3.9 ppm in their tissues. Shrimp exposed to 
10 ppb did not die, but accumulated 1.3 ppm of PCB's in their tissues. 
Pinfish were not killed by these exposures, but those exposed to 100 ppb 
for 48 hours accumulated 17 ppm. 
Shell growth of oysters was completely stopped by a 96-hour 
exposure to 100 ppb of PCB's. A concentration of 10 ppb for the same 
length of time reduced shell growth by 40 percent and resulted in the 
accumulation of 33 ppm of PCB's in the tissues. 
In a 20-day exposure, 5 ppb of Aroc1or 1254 killed 72 percent 
Of the. juvenile shrimp, and the tissues accumulated 16 ppm. Crabs 
were less sensitive but accumulated an average of 23 ppm in a 4-week 
exposure at 5 ppb and still contained 22 ppm after a week in clean 
water and 11 ppm after 4 weeks in clean water. 
Residues in Birds Killed by PCB's 
Residues of PCB's in brains of chickens killed by PCB dosage in 
the studies of Vos and Koeman (1970) generally ranged from 120 to 
420 ppm, but included values as low as 40 ppm and as high as 700 ppm. 
Residues of PCB's in the livers of the birds in the same series 
ranged from 120 to 2,900 ppm. Residues of PCB's in livers of 
Benga1ese finches that died of PCB poisoning ranged from 70 to 697 
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ppm; residues in birds that died on reduced rations ranged from 69 
..h,rds 
to 1,214 ppm; and residues insraias that were sacrificed at the end 
of the experiment were 3 to 634 ppm. Residues in brains were somewhat 
lower; the proportion in the brain in relation to the amount in the 
liver averaged higher in the birds that died than in those that were 
sacrificed. 
A bald eagle found sick in the field contained high residues 
of both DDE and PCB's in its brain, suggesting that PCB's may have 
contributed to its death. Residues of DDE in the brain were 385 ppm, 
which is within the lethal range for DDE (Stickel ~!l., 1970). 
However, the brain also contained 230 ppm of PCB, 6 ppm DDD, 2.2 ppm 
of dieldrin, and 0.4 ppm of heptachlor epoxide. 
PHYSIOLOGY 
The effects of PCB's on reproduction and other physiological 
processes of wild animals are apt ultimately to have the most serious 
impact on the populations. Yet these effects are the most difficult 
to evaluate. 
Metabolic and physiological inter-relationships of PCB's are 
beginning to receive study. Jensen ~ al. (1969) found that lower 
organisms such as mussels and fish contained a greater preponderance 
of PCB's with lower chlorination than did birds and suggested that 
the compounds with fewer chlorines were metabolized or excreted faster 
than those with more chlorines, so that the latter are subject to 
greater increase in the food chain. 
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Koeman ~ al. (1969) found the lower PCB's to be more common in 
fish (Leuciscus rutilus) than in sea birds, and reached the same 
conclusion, which he confirmed in an experiment with Japanese quail; 
the gas chromatographic pattern of PCB's in the quail tissues was 
considerably altered from that of the fed material and many of the 
peaks representing lower chlorinated compounds disappeared. Heath 
~ a1. (1970) found a similar pattern difference between ingested 
Aroc1or 1254 and the compounds present in the egg of a mallard duck. 
Differences in absorption of the compounds, as well as metabo1i~m, 
could enter into the proportional changes observed. 
PCB's have been shown to increase breakdown of estradiol in 
experimental studies with domestic pigeons (Risebrough et a1., 1968b) 
--
and kestrels (Falco, ~arv~) (Lincer and Peakall, 1970) demonstrat-
ing the capability of PCB's to induce microsomal enzyme activity. 
These studies involved substantial dosage of the birds with PCB's by 
injection (pigeons) or ingestion (kestrels), subsequent sacrifice of 
the birds, and in vitro laboratory studies with the homogenized livers. 
PCB's of lower chlorination (21 percent to 48 percent) showed 
estrogenic activity in tests made by Bitman and Cecil (1970) with 
laboratory rats. The higher chlorinated mixtures (54 percent to 68 
percent) did not show this activity. In the same series, a lesser 
activity was shown by p,p'-DDT, and none by p,p'-DDD or p,p'-DDE. 
The possibility of interacting effects between PCB's and disease 
organisms was shown by Friend and Trainer (1970) in an experiment 
with mallard ducklings. Ten-day-old ducklings exposed for 10 days 
15 
to a dietary dosage of 25, 50, or 100 ppm of Aroclor 1254 showed 35 
to 44 percent mortality upon subsequent exposure to duck hepatitis 
virus, whereas mortality among birds exposed only to the virus was 
14 percent, significantly lower. 
Pheasants given a capsule dose of 50 mg of Aroclor 1254 weekly 
for 17 weeks produced fewer eggs than controls, and higher percentage 
of chicks pipped the shell but did not hatch (Dahlgren and Linder, 
1971). Chicks that hatched weighed less and survived more poorly 
than controls. Eggshell thickness was not affected. In behavioral 
t~sts of the offspring on a visual cliff, more of the chicks from the 
dosed parents mad~ the undesirable choice of jumping to the deep side, 
or made no choice, in the 5-minute test period. None of these effects 
pccurred among the groups whose female parents were dosed with 12.5 mg. 
Long-term studies of the reproductive effects of PCB's on mallards 
and bobwhite quail have been conducted at Patuxent (Heath !! al., 1970). 
Mallards fed a dietary dosage of 25 ppm of PCB's from about 11 weeks 
before their first breeding season and through their second year of 
laying laid eggs with shells of normal thickness. The number of eggs 
laid, hatchability of eggs, and survival of young were not significantly 
different from those of the untreated controls. In another test, 
dosage of mallard ducks with 10 or 500 ppm of Aroclor 1254 for about 
5 weeks did not result in eggshell thinning. Bobwhite quail fed 
diets containing 50 ppm of PCB's or 30 ppm of DDE or a combination of 
25 ppm of PCB's plus 15 ppm of DDE for about 11 weeks befor~ their 
first breeding season showed no obvious differences from controls in 
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reproductive performance. These tests were made with Aroc10r 1254, 
because the greater proportion of the PCB compounds in wild bird 
tissues match those in this mixture. However, fish have been 
reported to contain a greater proportion of the compounds with fewer 
ch10rines (Jensen~! a1., 1969), so that tests with other mixtures 
also will be important. 
Tests with the 42 percent mixture (Aroc10r 1242) have been made 
for the Monsanto Chemical Company by the Industrial Bio-Test Labora-
tories. They found that Aroclor 1242 at 10 ppm or 100 ppm and 
Aroclor 1254 at 100 ppm in the diet of chickens reduced egg production 
and hatchability and caused thin eggshells. No measurable effects 
were produced by Aroclor 1242 at 1 ppm; by Aroclor 1254 at 1 ppm or 
10 ppm; or by Aroclor 1260 at 1 ppm,lO ppm, or 100 ppm. 
The studies with chickens and with ducks differed in dosage 
levels and in 'the type of PCB employed, so that the differences cannot 
necessarily be ascribed to the difference in species. Further tests 
with ducks and with other species are needed in order to understand 
the potential for PCB's to affect reproduction of wild birds. 
In recent studies at Patuxent, a statistical evaluation of the 
role that different chemicals may play in thinning the shells of 
brown pelicans in the field has shown that DDE residues correlate 
better with shell thinning than do residues of dieldrin or PCB's. 
Anderson !:,!aL (1969) reported similar results from their studies of 
shell thinning and residue content of the eggs of cormorants and 
wh ite pel icans • 
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SUMMARY 
Polychlorinated biphenyls constitute a group of chlorine-bearing 
compounds of industrial origin that have permeated the natural 
environment throughout the world. 
Their chemical structure resembles that of some of the organo-
chlorine pesticides. They are troublesome interferences in gas 
chromatographic analysis of these pes~i~ides. Although methods have 
been developed to overcome analytical problems, measurements of 
quantity still are only approximate. 
Special studies in the United States, Netherlands, and Gre~t 
Britain have traced PCB's to industrial effluent, but other possible 
sources have not been followed. Their use in paints, cartons, and 
insulating fluids suggests that environmental pollution may be from 
many different sources. 
PCB's are present in fish and wildlife in many countries of the 
world. Quantities are higher in animals living near industrial areas. 
PCB's build up in biological food chains with increases of tens to 
thousands of times from lower to higher organisms. 
Experimental studies have shown that PCB's have a toxicity to 
mallards, pheasants, bobwhite quail, coturnix quail, red-winged 
blackbirds, starlings, cowbirds, and grackles that is of the same 
order as the toxicity of DDE to these species. Overt signs of 
poisoning also are similar to those caused by compounds of the DDT 
group. Toxic effects of DDE and Aroc1or 1254 to coturnix chicks 
were additive, but not synergistic. 
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PCB's containing higher percentages of chlorine are more toxic 
to birds than those containing lower percentages. PCB's of foreign 
manufacture contained contaminants to an extent that greatly incre$sed 
their toxicity. 
Toxicity to insects of PCB's of different degrees of chlorination 
is the reverse of the pattern in birds: the lower chlorinations are 
more toxic to insects. PCB's enhanced the toxicity of dieldrin and 
DDT to insects. 
Shrimp are very sensitive to PCB's and most will die as a result 
of 20-day exposure to a concentration of 5 ppb. PCB's also inhibit 
shell growth of oysters. Fish and crabs are less sensitive; all 
accumulate residues to many times the concentrations in the water, 
and a test with crabs showed that they lost the residues very slowly. 
Residues of PCB's in the brains of birds killed by these compounds 
measure in the hundreds of parts per million. PCB's may have contri-
buted to mortality of some birds in the field. 
PCB's induce microsomal enzyme activity in birds and mammals and 
the lower chlorinated mixtures have estrogenic activity in rats. 
Exposure to PCB's increased the susceptibility of mallard 
ducklings to duck hepatitis virus. 
Offspring of pheasants whose parents received high dosages of 
PCB's made poor choices in visual cliff tests. Egg production and 
hatching after pipping also were affected. 
Long-term studies of the reproductive effects of Aroclor 1254 
on mallards and bobwhite quail and of Aroclor 1254 plus DDE on quail 
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showed no significant differences from controls. In s~u~ies of 
chickens, however, egg production, hatchability, and shell thickness 
were impaired by high doses of Aroclor 1254 and by low doses of 
Aroclor 1242. 
Statistical evaluations of the role that different chemicals ~y 
play in thinning of eggshells of brown pelicans show that DDE resi~ues 
correlate better with shell thinning than do residues of dieldrin or 
PCB's. 
Studies of the effects of PCB's in the environment are as yet 
insufficient for well-rounded conclusions. The evidence available 
indicates that they must be viewed as potential problems until fuller 
data can be assembled. 
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